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1.0  INTRODUCTION  AND  OVERVIEW  OF  THE  COMMUNITY 
SOCIOECONOMIC  IMPACT  ASSESSMENT  MODEL  (SIAM)  PACKAGE 


1.1  INTRODUCTION 

Large-scale  projects  such  as  the  M-X  system  are  likely  to  result  in  transfor¬ 
mations  of  communities  and  regions  that  are  initially  of  small  size.  These 
socioeconomic  changes  would  be  induced  during  construction  and  operations  phases 
of  the  project  by  expenditures  for  materials  procurement  and  by  direct  employment 
of  substantial  numbers  of  workers.  The  direct  economic  effects  are  multiplied 
within  the  local  economy  to  produce  a  larger  total  expansion  of  output  and 
employment.  One  of  the  more  immediate  consequences  of  large-scale  economic 
expansion  in  local  areas  which  have  a  small  available  labor  force  would  be  rapid 
population  growth  as  people  move  into  the  region  to  take  advantage  of  the 
employment  opportunities  generated  by  the  project. 

Many  of  the  key  socioeconomic  issues  are  related  to  the  ability  of  small 
communities  and  sparsely  populated  regions  to  absorb  rapid,  large-scale  economic 
and  population  growth  without  excessive  disruption  or  deterioration  in  living 
conditions.  Transformations  may  be  expected  in  the  demographic  profiles  of 
community ,  in  local  markets  for  goods  and  services,  in  requirements  for  a  stock  of 
physical  c  intal  such  as  housing  and  other  types  of  buildings,  in  requirements  for 
conversion  of  land  to  urban  uses,  in  needs  for  public  and  private  infrastructure  such 
as  streets  and  utilities,  in  needs  for  various  public  services  and  facilities,  and  in  the 
size  and  pattern  of  local  government  revenues  and  expenditures.  Concern  about 
these  types  of  issues  is  heightened  by  the  possibility  that  a  period  of  rapid 
expansion  during  the  construction  phase  of  the  project  (the  so-called  "boom")  may  be 
followed  by  an  equally  abrupt  period  of  shrinkage  (or  "bust")  when  construction  is 
completed.  This  "boom-bust"  cycle  may  be  especially  significant  in  situations  where 
construction  employment  greatly  exceeds  permanent  operations  employment,  as  in 
counties  that  are  affected  only  by  DDA  facility  construction  rather  than  by 
operating  bases. 

SIAM  is  a  set  of  formal  mathematical  models  which  have  been  designed  to 
provide  quantitative  projections  of  the  effects  of  projects  such  as  the  M-X  system 
on  communities  and  regions  in  each  of  the  topics  mentioned  above.  The  group  of 
linked,  computer-based  models  provides  a  comprehensive  analytical  framework  that 
is  sensitive  to  variations  in  the  project's  location,  size,  and  other  characteristics, 
and  to  baseline  differences  among  communities.  The  package  consists  of  the 
following  groups  of  models: 

o  Economic 

o  Demographic 

o  Housing 

o  Community  Land  Use  and  Infrastructure 

o  Community  Services  and  Facilities 

o  Public  Finance 
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Figure  1-1  shows  the  overall  structure  of  the  models  and  their  linkages.  This 
report  presents  a  detailed  description  of  the  housing,  land  use,  and  community 
services  model  groups,  while  economic/demographic  and  public  finance  models  are 
discussed  in  separate  technical  reports. 

1.2  THE  COMMUNITY  AND  REGIONAL  IMPACT  MODELS  (CRIM) 

The  community  and  regional  impact  models  consist  of  three  groups — housing, 
land  use  and  infrastructure,  and  community  services  and  facilities.  The  various 
submodels  are  described  in  Table  1.2-1  in  terms  of  their  input  variables  and 
constants  and  output  variables,  including  their  level  of  geographical  and  substantive 
detail.  The  three  groups  of  community  models  are  basically  driven,  with  several 
exceptions,  by  changes  in  population  size,  composition,  and  spatial  distribution.  The 
exceptions  are  in  the  areas  of  housing  and  land  use,  where  the  computed  impacts  are 
also  a  function  of  economic  variables  such  as  employment,  personal  income,  and 
consumer  expenditure  patterns. 

1.3  GENERAL  CHARACTERISTICS  OF  THE  COMMUNITY  AND  REGIONAL 
IMPACT  MODELS 

All  three  model  groups  may  be  specified  in  a  generalized  form  or  made 
location-specific  by  the  adjustment  of  certain  parameters  to  correspond  to  local 
data.  For  purposes  of  assessment  of  the  M-X  project,  parameters  which  express 
normative  standards  for  various  services  are  specified  uniformly  for  all  communi¬ 
ties,  while  other  types  of  parameters  are  allowed  to  vary  from  one  place  to  another. 
Depending  upon  the  purposes  of  an  analysis,  varying  degrees  of  geographical  and 
substantive  detail  may  be  provided.  These  model  characteristics  and  their  applica¬ 
tion  to  the  M-X  project  may  be  summarized  as  follows: 

o  Demographic  detail.  The  models  are  capable  of  differentiating  as  many 
as  eight  different  project-related  population  groups.  Each  of  the  sub¬ 
models  may  be  run  separately  for  each  population  group  so  as  to  isolate 
the  effects  associated  with  that  segment  of  the  population.  For  the  M-X 
analysis,  population  groups  are  differentiated  in  terms  of  project-related 
employment  categories,  with  four  types  of  temporary  or  construction 
population  (OB  construction  and  cluster  construction,  OB  base  assembly 
and  checkout,  and  cluster  assembly  and  checkout),  three  types  of 
operations  population  (military  officers,  military  enlisted  personnel,  and 
direct  civilian  employees),  and  the  project-induced  indirect  population 
generated  to  provide  local  goods  and  services. 

o  Geographic  detail  -  place  of  residence.  The  model  allocates  population 
among  several  different  geographical  or  spatial  categories.  First,  for 
the  M-X  analysis,  the  various  categories  of  population  are  allocated  to 
residential  locations  either  on  the  operations  base,  in  construction 
camps,  or  in  local  communities.  At  a  second  level,  the  population  in 
local  communities  is  allocated  to  different  geographical  areas  which 
correspond  to  governmental  jurisdictions,  such  as  cities,  counties,  and 
school  districts.  Totals  for  larger  regions  are  formed  by  aggregating 
governmental  jurisdictions  such  as  counties. 

o  Geographic  Detail  -  region  of  impact  analysis.  These  may  correspond  to 
any  geographic  area  which  may  be  formed  by  aggregating  small  govern- 
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Figure  1-1.  Schematic  diagram  of  socioeconomic  impact  models  and 
their  linkages. 


Table  1.2-1. 


Selected  characteristics  of 
impact  models  Crv’"-  ±  of  3) 


uhe  socioeconomic 


JSOOEI.  .1ROUF 

Housinc 


INPUTS 


VARIABLES 


CONSTANTS 


OUTPUTS 


VARIABLES 


GEOGRAPHIC  DETAIL 


DO*OGRAPMIC  DETAIL 


Households 


-  Population  Mt nx 
of  7  population 
categories  by  3 
place*  of  residence 


i  Vac  tor  of  houee- 
hold  aitaa  for  7 
population 
categories 


•  Vac tor  of 
mxaber  of 
houaaholda 
for  7 

population 

categories 


1  placa  of  residence 
local  rniinln  an 
appropriate  mater 
of  9Qv«mainul 
jurisdictions 


i  7  population 
categories  bane 

construction,  cluatar 
construction/  baaa 
A  fc  CO.,  cluatar  A 
&  CO.,  military  and 
civilian  operations 
and  indlract 


Housing 

Requirement* 


i  Vector  of  number  of 
households  in  7 
population 
categories 

>  Time-varying  matrix 
oj  proportion  of 
housing  units 
required  for  3 
housing  types  and 
7  population 
categories 


»  Vacancy  and 
raplacamant 
allowance 
factor  (.05) 


a  Matrix  of 
housing 
units 
required 
for  3 
housing 
types  and 
7  popula¬ 
tion 

categories 
#  Vector  of 
annual 

construction 
or  removals 
for  3  housing 
typas 


Construction  camps 
i  Local  era— unities 
*  Appropriate  govern¬ 
mental 

jurisdictions 


i  7  Population 

categorise  as  above 


Land  Use  and 
Infrastructure 


Residential 
Land  Use 


Retail  Land  Uee 


.  vector  of  masher  of 
housing  units  for  3 
housing  types 


>  Matrix  of  aggregate 
disposal  inco«*  for 
7  populstion 
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places  of  residence 


Vector  of 
density  for  3 
housing  types 


i  Proportion  of 
income  spent  on 
reta.l  goods 

>  Matrix  of 
proportions  of 
retail 

expenditures 
that  are  local 
for  ^  popula¬ 
tion  groups 
and  3  places 
of  residence 
»  Land 

requirements 
per  unit  of 
retail  build¬ 
ing  space 

>  Construction 
cost  per  unit 
of  building 
area  for  retail 
buildings 


e  Vector  of  land 
area  required 
to  accomodate 
three  housing 
typae 

a  Matrix  of 
retail  sale# 

for  7  popula¬ 
tion  groups 
and  3  places 
of  residence 
e  Matrix  of 
building  area 
required  for 
7  population 
groups  and  3 
places  of 
residence 

•  Vector  of 
retail  land 
required  fox 
7  population 
groups 

•  Coat  of  retail 
construction 


>  Local  cwunltiea 

>  Appropriate 
governmental 
Jurisdictions 


i  Local  coaaunitiee 
•  Appropriate 
governmental 
Jurisdictions 


>  7  population 
categories 


7  Population 
categories 


CoB—erciSi  Or f ice 
land  Use 


i  Matrix  of  aggre¬ 
gate  disposable 
income  for  7 
population 
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3  places  of 
residence 


Proportion  of 
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services 
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proportion  of 
service 
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7  population 
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Industrial  Land 
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Table  1.2-1. 


Selected  characteristics  of  the  socioeconomic 
impact  models  (page  2  of  3). 


model  CROUF 

SUB-WOO El 

INPUTS 

OUTPUTS. 

VARIABLE? 

CONSTANTS 

VARIABLES 

GEOGRAPHIC  DETAIL 

DEMOGRAPHIC  DETAIL 

.and  Du  and 

Infrastructure 
(Continued ' 

Street*  and 

Highway* 

•  Vac tor  of  houainq 
unite  by  3  typaa 

•  Matrix  of  linatr 
faat  of  atraata 
raquirad  par 
houainq  unit  for 

3  cataqorlaa  of 
atraata  and  3 
houamq  typaa 
a  Matrix  of  llnaar 
faat  of  non- 
raaidantial 
atraata  raquirad 
par  houainq  unit 
for  3  cataqor lax 
of  atraata  and 

3  houainq  typaa 
a  Vactor  of  riqht- 
of-wey  width  for 

3  atraat  typaa 
a  vactor  of  conatuc- 
tion  coat  par 
llnaar  foot  for 

3  atraat 
cataqorlaa 

a  Vactor  of  linaar 
faat  of  atraat 
raquirad  for  3 
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a  Vactor  of  nor- 
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atraat  require- 
aan  a  in  linaar 
faat  for  •> 
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a  Vactor  of  land 
araa  raquirad 
for  3  atraat 
cataqor las 
a  Vactor  of 
construction 
coata  for  3 
atraat 
cataqorlaa 

a  Uxrel  communities; 
a  Appropriate 
qovernmental 
jurisdiction* 

Mona 

Public  Land 

Use 

•  Matrix  of  rtabar 
of  pupils  by  7 
population 
cataqones  and 

3  placaa  of 
raaidanca 

a  Population  matrix 
of  7  population 
categories  by  3 
placaa  of 
residence 

a  Educational 
facility  land 
requirements  par 
pupil 

a  Vactor  of  park 
land  requirements 
par  paraon  for  3 
tupaa  of  parka 

a  Vactor  of 
aducational 
facility  land 
requirements 
by  3  achool 

1 aval a 

a  Vactor  of  park 
land  raquirad 
for  3  typaa  of 
parks 

a  Local  cn— unities 
a  Appropriate 
qovaramantal 
jurisdictions 

a  Bast 

None 

Utility 

Requirements 

Cotta 

a  Vactor  of  number 
of  houainq  units 
for  3  typaa  of 
houamq 

a  Vactor  of  aanitary 
•awar  coata  par 
unit  for  3  typaa 
of  houainq  unit* 
a  Non-raaidantial 
•awar  coat  factor 
a  Syatax'-wida  a  awar 
coat  factor 
a  Vactor  of  water 
•yataa>  coata  par 
unit  for  3  typaa 
of  houainq  unita 
a  Non-raaidantial 
water  ay a tew  coat 
factor 

a  Syetem-wide  watar 

developewmt  coat 
a  Vactor  of  electric 
utility  develop- 
ixant  coata  par 
unit  for  3  typaa 
of  raaidantial 
unita 

a  Non-raaidantial 
alactnc  develop¬ 
ment  coat  factor 
a  System-wide 

alactnc  utility 
developawnt  costa 

a  vactor  of  sani¬ 
tary  aawar 
development 
costa  for  3 
cataqorlaa; 
raaidantial , 
non-r evidential , 
and  eye. am- wide 
a  Vactor  of  watar 
ayataa  develop- 
stant  coate  for  3 
cataqonaa; 
residential . 
non-raaidantial . 
and  system-wide 
a  Vactor  of  elec¬ 
tric  ayataa 
development 
coats  for  3 
cataqoriaai 
raaidantial . 
non-raaidantial , 
and  ayataar-wida 

a  Local  caaaaunitia* 
m  Appropriate 
governmental 
Jurisdictions 

None 

Cowunity  facil- 
it)«i  And 

S«rvir«i 

Public 

Schools 

a  Houaahold 

Mtrix  with 

7  cateqoriea 
of  population 
by  3  placaa 
of  raaidanca 

a  Matrix  of  number 
of  pupl ' a  par 
houaahold  for  7 
population 
cataqorlaa  and  3 
placaa  of 
raaidanca 

a  Vactor  of  niaabsr 
of  pupils  par 
taachar  for  3 
qrada  lava la 
a  Vactor  of  n unbar 
of  pupils  par 
•chool  facility 
for  3  school 
typaa 

a  Matrix  of  maber 
of  pupils  for  3 
qrada  levels  and 
3  placaa  of 
raaidanca 

a  Matrix  of  number 
of  teachers 
raquirad  for  3 
qrada  levels  and 
3  placaa  of 
residence 

a  Matrix  of  number 
of  schools 
raquirad  for  3 
arade  levels  and 
3  places  of 
raaidanca 

noo 


Table  1.2-1. 


Selected  characteristics  of 
impact  models  (page  3  of  3) 


the  socioeconomic 


HCOEL  GR CVP 

SUB-MOOIX 

INPUTS 

OUTPUTS 

VARIABLES 

CONSTANTS 

VARIABLES 

GEOGRAPHIC  DETAIL 

DEMOGRAPHIC  DETAIL 

Community  racilities 
and  Sarvicea 

(Continued ' 

Public  Schools 
(Continued) 

e  Vector  of  square 
feet  of  school 
space  required  per 
pupil  for  3  grade 
level s 

e  School  construction 
cost  per  unit  of 
building  space 

e  Vector  of  school 
construction 
cost  for  3  grade 
levels 

e  Local  communities 

e  Bese 

e  7  population 
categories  (for 
selected  variables 
only; 

Public  safety 

e  Population  matrix 
of  f  population 
categories  and  3 

place*  of 

residence 

e  Natrix  of  popula¬ 
tion  per  fire 
fighter  for  7 
population 
categories  and  3 
places  of  residence 
e  Hatnx  of  popula¬ 
tion  per  lev 
enforcement  officer 
for  7  population 
categories  and  3 
places  of  residence 

e  Number  of  fire 
fighter  personnel 
required 
#  Number  of  law 
enf orcement 
personnel  requir¬ 
ed 

e  Local  communities 

Hone 

Pars a  and 
Recreation 

- - - 

e  Population  Mtru 
of  y  population 
categories  and  3 
places  of  residence 

e  Vector  of  park  land 
requirements  per 
person  for  3 
categories  of  parks 

e  Vector  of  perk 
land  required  for 

3  perk  categories 

e  Local  communities 

None 

Solid  Haate 
Disposal 

e  Population  matrix 
of  f  population 
categories  and  3 
places  of 
residence 

e  Vector  of  volume  of 
waste  generated  per 
person  for  7  popu¬ 
lation  categories 
e  Vector  of  weight  of 
waste  generated  per 
person  for  7  popu¬ 
lation  categories 
e  Vector  of  land  area 
required  per  person 
for  disposel  for  " 
population  categor¬ 
ies 

e  Volume  of  solid 
waste  generated 
e  Weight  of  solid 

waste  generated 
e  lend  area  re¬ 
quired  disposal 

e  Local  communities 

None 

Health  Cart 

e  Population  natrix 
of  7  population 
categories  and  3 
places  of  resi¬ 
dence 

e  Vector  of  popula¬ 
tion  per  physician 
for  "  population 
categories 
e  Vector  of  popula¬ 
tion  per  registered 
nurse  for  7  popula¬ 
tion  categories 
e  Vector  of  population 
per  dentist  for  7 
population  cate¬ 
gories 

*  Vector  of  population 
per  mental  health 
professional 
e  Vector  of  population 
per  other  type  of 
health  workers 
e  vector  of  population 
per  hospital  bed 

e  Number  of  physi¬ 
cians  required 
e  Number  of  nurses 
required 

e  Number  of  den¬ 
tists  required 
e  Number  of  mental 
health, 
pereonnel  re¬ 
quired 

e  Number  of  other 
health  pereonnel 
required 
e  Nimsber  of 
hospital  beds 
required 

e  Local  communities 

Hone 

-  1200 
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ment  jurisdictions  for  which  data  series  are  available,  such  as  cities  and 
counties.  These  may  include  states,  groupings  of  states,  and  sub-state 
regions.  Only  those  impacts  which  occur  within  the  appropriately 
defined  region  are  computed. 

o  Time  Frame  for  Impact  Projection.  Impacts  are  computed  annually  with 
separate  tabulations  of  the  cumulative  impact  from  year  zero  and  the 
net  additional  impact  occurring  in  a  given  year. 

o  Impacts  Related  to  Project  Parameters.  Impacts  may  be  computed  for 
each  element  or  phase  of  a  project,  such  as  construction,  operations,  and 
indirect  effects.  For  the  M-X  project,  five  different  project  activities 
are  distinguished:  base  construction,  cluster  (technical  facility) 

construction,  base  assembly  and  checkout,  cluster  assembly  and  check¬ 
out,  and  operations.  In  addition,  for  the  operations  phase,  different  base 
sizes  in  terms  of  military  personnel,  civilian  employment,  and  procure¬ 
ment  expenditures  are  analyzed.  The  user  can  specify  and  evaluate 
various  scenarios  by  providing  appropriate  project  descriptive  data  for 
input  to  the  models. 

o  Mode  of  analysis.  The  models  can  be  run  in  three  modes:  (1)  baseline 
socioeconomic  change  with  no  project,  (2)  net  project-related  socio¬ 
economic  impact,  and  (3)  total  or  cumulative  socioeconomic  change  in  an 
area  due  to  the  M-X  project  and  other  sources  of  change. 

In  the  following  sections,  the  general  structure,  assumptions,  and  logic  of  the 
models  are  discussed  for  each  model  individually  along  with  examples  of  the  models' 
summary  output  tables  and  their  interpretation.  Unsummarized  model  outputs  and 
population  data  by  employment  category  and  place  of  residence  are  shown  in 
Appendix  Table  A-l. 


2.0  HOUSING  SECTOR  MODEL  GROUP 


2.1  MODEL  STRUCTURE  AND  DESCRIPTION 

The  purpose  of  this  sub-model  is  to  develop  quantitative  projections,  on  a  year 
by  year  basis,  of  the  number  of  project-related  households  expected  to  reside  in 
local  communities  and  the  number  and  type  of  housing  units  that  must  be  provided 
(or  removed)  in  order  to  accommodate  them.  This  is  accomplished  in  four  steps:  a) 
estimation  of  the  number  of  M-X-related  in-migrant  households  by  employment 
category  of  the  principal  wage  earner  in  a  household,  b)  projection  of  total 
requirements  for  housing  units  to  accommodate  households  allowing  for  a  "normal" 
or  frictionless  vacancy  rate,  c)  estimates  of  constraints  on  the  production  of  new 
dwellings  in  housing  markets  which  are  initially  very  small,  and  d)  projection  of 
likely  changes  in  housing  supply  as  a  consequence  of  the  M-X  project.  The  following 
sections  describe  the  computational  procedures,  assumptions,  and  underlying 
rationale  for  each  of  these  routines. 

2.1.1  Households  and  Housing  Demand 

The  inputs  to  this  sub-model  are  a  vector  of  population,  consisting  of  seven 
project-related  employment  categories,  and  a  corresponding  vector  of  average 
household  size  for  each  population  category.  The  population  vector  is  that  subset  of 
total  project-induced  population  growth  which  is  projected  to  reside  in  communities 
and  excludes  construction  workers  in  temporary  construction  camps  and  80  percent 
of  the  military  personnel,  who  are  assumed  to  reside  on  the  Air  Force  base.  The 
number  of  households  is  computed  by  dividing  the  population  vector  by  the  average 
household  size  vector,  which  is  derived  from  sample  data  available  from  secondary 
sources  for  each  of  the  source  groups  for  M-X-related  in-migrant  population.  These 
constants  and  their  sources  are  as  follows: 


Household  Category  Average  Household  Size  Source/Reference 


Construction  Workers  3.5 

(family  households) 


Military  3.3 

(family  households) 

Civilian  &  Indirect  2.8 

(all  households) 


Mountain  West  Research, 
Inc., 

Construction  Worker  Profile 
Final  Report,  1975 

Base  TAB  A-l's  and  Bureau 
of  the  Census 

Bureau  of  the  Census,  1979 


The  household  size  parameters  for  the  first  two  categories,  construction 
worker  and  military  workers,  include  only  that  portion  of  the  population  which  is 
present  in  family  household,  since  it  is  assumed  that  construction  workers  present 
without  families  and  single  Air  Force  personnel  would  reside  in  group  housing. 
Housing  services  for  these  latter  two  groups  would  be  obtained  either  from 
construction  contractors  or  the  Air  Force,  rather  than  in  local  housing  markets. 
Unlike  construction  workers  and  military  personnel,  civilian  operations  and  indirect 


9 


pftjr.gPIivQ  FAflS  BLMK-NO*  F1L**D 


workers  present  in  local  communities  would  consist  of  households  composed  both  of 
families  and  unrelated  individuals.  The  average  household  size,  estimated  from 
recent  national  data  from  the  Bureau  of  the  Census,  is  correspondingly  lower  for 
these  population  groups.  In  addition,  this  procedure  assumes  that  civilian  in¬ 
migrants  would  be  drawn  from  throughout  the  nation.  The  total  number  of 
households  which  would  compete  in  local  housing  markets  for  their  housing  services 
is  the  sum  of  the  number  of  households  computed  for  each  of  the  population 
categories. 

In  addition  to  the  number  of  in- migrant  households  generated  by  the  project, 
M-X-related  housing  demand  would  be  a  function  of  the  incomes,  housing  (shelter) 
expenditure  potential,  and  preference  patterns  of  the  in-migrant  households.  Data 
on  assumed  average  income  and  shelter  expenditure  potential  are  shown  in  Tables 
2. 1.1-1  and  2. 1.1-2  for  five  categories  of  households,  with  the  first  table  assuming 
one  person  employed  in  each  household  and  the  second  assuming  an  additional 
employed  worker  earning  the  average  wage  obtained  in  indirect  jobs.  In  the  absence 
of  specific  data  on  preferences  for  housing  relative  to  other  goods,  it  is  assumed 
that  the  maximum  monthly  expenditure  for  shelter  is  25  percent  of  gross  income,  a 
figure  which  has  been  commonly  used  as  an  underwriting  criterion  by  mortgage 
lenders  and  by  government  housing  assistance  programs.  The  data  show  the 
maximum  monthly  rent  affordable  for  workers  with  the  average  salary  ranges  from 
$700  for  construction  workers  to  $248  for  enlisted  military  personnel,  assuming 
one-worker  households.  The  corresponding  values  for  two-worker  households  would 
be  $983  and  $531  per  month,  respectively.  The  maximum  affordable  home  purchase 
prices  are  also  shown  in  the  tables,  with  a  maximum  price  of  $73,500  for 
construction-worker  households  with  one  employed  person,  ranging  to  a  low  of  about 
$26,000  for  enlisted  military  personnel.  The  equivalent  values  for  two-worker 
households  are  $103,300  and  $55,800,  respectively.  All  of  these  affordable  prices 
assume  mortgage  interest  rates  of  14  percent  and  downpayments  of  20  percent  of 
the  purchase  price,  although  equivalent  data  for  other  interest  rates  are  shown  in 
the  tables.  Although  the  aspect  of  money  demand  for  housing  is  not  a  formal  part  of 
the  model,  these  data  are  used  in  qualitatively  assessing  the  probable  market 
response  to  the  increment  of  demand  for  dwelling  units  induced  by  the  M-X  project. 

Although  available  data  about  housing  preferences,  demand,  and  consumption 
patterns  of  construction  worker  households  are  very  limited,  the  Construction 
Worker  Profile  (Mountain  West  Research,  Inc.,  December  1975)  provides  a  useful 
starting  point  for  estimating  these  types  of  parameters.  Data  from  the  sample 
survey  of  residents  in  five  western  communities  currently  affected  by  large-scale 
energy  and  mineral  development  projects  are  shown  in  Table  2.1. 1-3.  The  housing 
supply  matrix  described  in  a  subsequent  section  is  partially  determined  by  evaluating 
incomes,  housing  expenditure  potential,  and  preference  patterns  to  assess  the 
demand  side  of  the  housing  market. 

2.1.2  Total  Housing  Unit  Requirements 

Total  M-X-related  housing  requirements  in  a  given  year,  and  net  annual 
requirements  for  additional  new  dwellings,  are  a  function  of  the  number  of  in¬ 
migrant  households  with  an  allowance  for  a  "normal"  vacancy  rate  and  replacements 
for  units  which  are  removed  from  the  market  inventory  due  to  events  such  as  fires 


Table  2. 1.1-1. 


M-X-related  potential  demand  for  housing 
by  affordable  price  and  rent  levels,  by 
employment  category,  assuming  one  worker 
per  household. 


AVERAGE  ANNUAL  SHELTER  ANNUAL  MONTHLY 
ANNUAL  EXPENDITURES  SHELTER  SHELTER 
HOUSEHOLD  INCOME  AS  A  PERCENT  EXPENDITURE  EXPENDITURE 
CATEGORY  (198u  $)  OF  GROSS  POTENTIAL  POTENTIAL 

INCOME 


Construction 

Workers 

j  $33. 6(K' 

Military 

Households 

Officers 

24 , 20C 

Enlisted 

11.900 

Civilian  Base 
teployees 

14.01M 

Indirect 

Workers 

13.60C 

MONTHLY 

SHELTER 

EXPENDITURE 

MAXIMUM 

MONTHLY 

RENT 

MAXIMUM  HOME  PRICE  AFFORDABLE 

BY  MORTGAGE  INTEREST  RATE' 

POTENTIAL 

AFFORDABLE 

10  PERCENT 

12  PERCENT 

14  PERCENT 

S70C 

S700 

$98,983 

$84, 5™ 

$73,528 

504 

504 

71,291 

60,917 

52,958 

246 

248 

35,056 

29,955 

26,041 

292 

292 

41,243 

35,241 

30,636 

283 

no 

40,064 

34,235 

29,  -161 

‘Assumes  down  payment  is  2C  percent  of  purchase  price. 


Table  2. 1.1-2. 


M-X-related  potential  demand  for  housing 
by  affordable  price  and  rent  levels,  by 
employment  category  of  primary  wage  earner, 
assuming  two  workers  per  household.1 


Table  2. 1.1-3.  Housing  preference,  demand,  and  consump¬ 
tion  patterns  of  construction  workers, 
other  newcomers,  and  long-time  residents 
in  five  western  communities  sampled  in 
the  Construction  Worker  Profile^  study. 


TYPE  OF 

NEWCOMER 

CONSTRUCTION  WORKERS 

OTHER  NEWCOMERS 

LONG- 

TIME  RESIDENTS 

UNIT 

PREFERENCE 

EFFECTIVE 

DEMAND 

ACTUAL 

CONSUMPTION 

PREFERENCE 

EFFECTIVE 

DEMAND 

ACTUAL 

CONSUMPTION 

PREFERENCE 

!  EFFECTIVE  ACTUAL 

DEMAND  CONSUMPTION 

Single-Family 

.46 

.34 

.19 

.70 

.55 

.44 

.87 

.81 

.76 

Duplex- 

.01 

.02 

.02 

04 

.04 

.05 

.01 

.01 

.01 

Townhouse 

Apartment 

.06 

.09 

.10 

.09 

.13 

.16 

.  03 

.04 

.04 

Mobile  Home 

.38 

.46 

.53 

.17 

.25 

.32 

.09 

i  -13 

.16 

Other 

.08 

.10 

.lb 

.01 

.02 

.03 

.01 

1  .01 
_L  : 

.01 

Total 

1.00 

.99 

—  ,[ 

.99 

1.00 

1.01 

,  ^ 

!  i.oo 

J _ L_ 

1.00 

‘Sources:  Mountain  West  Research,  Inc.,  December  1975.  Construction  Worker  Profile  Finai  Peport  3622 

(Billings  MT,  Old  West  Regional  Commission) ,  p.  103. 
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or  demolitions.  Housing  unit  requirements  are  computed  as  1.05  times  the 
increment  of  increase  in  the  number  of  households  and  should  be  interpreted  as  the 
number  of  units  which  are  required  to  accommodate  all  households  and  allow  for 
relatively  frictionless  turnover. 

2.13  Housing  Supply  Constraints 

There  are  persuasive  reasons  for  expecting  that  the  total  number  of  units 
required  by  M-X-related  households,  or  number  for  which  there  is  effective 
economic  demand,  will  be  only  partially  supplied  in  local  housing  markets  by 
permanent  dwellings,  at  least  in  the  initial  years.  To  replicate  this  "real  world" 
situation  in  the  model,  a  housing  supply  constraints  matrix  was  estimated  which 
indicates  for  each  category  of  households  the  proportion  of  their  housing  require¬ 
ments  that  would  likely  be  met  by  permanent  housing,  including  single-family  and 
multi-unit  dwellings,  and  by  mobile  homes.  In  addition  to  average  household  income 
(or  ability  to  afford  the  prices  and  rents  of  new  units)  and  preference  patterns  for 
the  various  housing  types,  the  estimated  distribution  among  structure  types  of  new 
housing  provided  each  year  would  be  a  function  of  the  capabilities  of  local  housing 
suppliers  to  produce  new  permanent  housing.  These  capabilities  are  likely  to  be 
limited  by  several  factors,  including  the  small  size  of  the  local  homebuilding 
industry,  insufficient  local  supply  of  skilled  construction  labor,  lack  of  available 
building  sites  which  have  urban  services,  time  lags  involved  between  land  acquisition 
and  improvement  and  actual  completion  of  dwellings,  insufficient  locally  available 
supply  of  mortgage  capital  for  both  construction  and  permanent  financing,  and  the 
probability  that  local  housing  markets  will  be  relatively  unorganized  until  market 
institutions  have  time  to  become  more  fully  developed.  The  likelihood  that 
production  constraints  would  be  more  severe  in  the  short  term  and  the  temporary 
nature  of  a  sizable  portion  of  housing  demand  during  the  construction  phase  of  the 
M-X  project  shift  larger  shares  of  housing  provided  in  the  initial  years  to  the  mobile 
home  category.  With  the  passage  of  time,  stabilization  of  housing  demand  and 
improving  production  capabilities  for  permanent  housing  would  result  in  increasing 
shares  of  demand  being  supplied  by  permanent  residential  construction. 

These  effects  are  represented  in  the  model  by  varying  over  time  the  housing 
supply  constraints  matrices  which  indicate  the  proportions  of  housing  requirements 
met  by  each  of  the  three  housing  types  for  each  of  the  seven  population  categories. 
The  initial  matrix,  shown  on  the  left  side  of  Table  2. 1.3- 1,  shows  that  a  small  share 
of  housing  requirements  in  the  first  year  would  be  met  through  production  of  new 
permanent  housing  while  large  proportions  are  mobile  homes.  Base  construction 
workers  would  be  provided  a  proportionately  greater  share  of  permanent  housing 
units  initially,  due  to  their  much  larger  purchasing  power  and  effective  economic 
demand,  while  smaller  proportions  of  lesser-income  military  and  indirect  households 
would  obtain  permanent  housing.  Cluster  (DDA  facility)  construction  worker 
households  are  assumed  to  demand  only  mobile  homes  because  of  the  itinerant 
nature  of  their  construction  activities  in  remote  areas.  The  matrix  on  the  right 
shows  the  long-term  housing  supply  proportions,  with  much  higher  shares  for  single¬ 
family  and  multi-unit  housing  constructed  onsite.  Parameters  in  the  long-term 
matrix  are  estimated  from  data  for  a  sample  of  small  western  communities  which 
have  Air  Force  bases  (U.S.  Bureau  of  the  Census,  1978)  and  from  data  on  housing 
patterns  of  construction  workers  (Construction  Worker  Profile;  Final  Report,  1975). 
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Table  2. 1.3-1 


In 


HOUSEHOLD  CATEGORY 


Base  Construction 
Base  A  &  C.O. 

Cluster  Construction 
Cluster  A  &  C.O. 
Military  Operations 
Civilian  Operations 
Indirect 


Source:  HDR  Sciences 


INITIAL  HOUSING  SUPPLY 
CONSTRAINTS  MATRIX 


SF 

MF 

K9 

.20 

.10 

.70 

0 

0 

0 

0 

0 

1.00 

0 

0 

0 

.10 

.10 

.80 

.10 

.10 

.80 

.10 

.10 

.80 

STABLE,  STEADY-STATE 
HOUSING  SUPPLY  MATRIX 


SF 

MF 

mm 

.25 

.15 

.60 

0 

0 

0 

0 

0 

1.00 

0 

0 

0 

.60 

.20 

.20 

.60 

.20 

.20 

.60 

.20 

.20 

2278-2 


2.1.4  Change  in  Housing  Supply 

The  cumulative  change  in  housing  supply  for  a  given  year  is  projected  by 
multiplying  the  numbers  of  in-migrant  households  in  the  seven  categories  by  the 
appropriate  values  from  the  applicable  housing  supply  matrix.  The  total  number  of 
units  of  a  given  type  is  obtained  by  summing  across  the  household  categories  and 
multiplying  by  1.05  to  include  an  allowance  for  vacant  units  and  replacements.  The 
procedure  is  repeated  for  each  of  the  three  housing  types.  Annual  change  in  supply 
of  housing  units  of  a  given  type,  which  may  be  positive  or  negative,  is  computed  as 
the  difference  from  the  previous  year  in  the  number  of  units  of  a  given  type. 
Positive  numbers  indicate  the  number  of  newly  constructed  permanent  housing  units 
or  newly  delivered  mobile  homes,  while  negative  signs  indicate  surpluses  of  units  or 
removals  of  mobile  homes. 

2.2  EXAMPLE  HOUSING  MODEL  OUTPUTS  AND  INTERPRETATION 

Illustrative  housing  sector  model  outputs  are  presented  in  Tables  2.2-1  through 
2.2-4  which  show,  respectively,  the  number  of  inmigrant  households  by  population 
category,  cumulative  housing  requirements  by  type  of  structure,  net  annual  housing 
production  required  (or  surpluses  of  units  which  must  be  removed),  also  by  type  of 
structure,  and  total  additional  housing  units  required  as  a  result  of  M-X  and  other 
concurrent  projects.  The  following  sections  describe  each  summary  output  table  in 
terms  of  how  should  be  interpreted  and  provide  the  definitional  equations  for 
computing  the  values  for  the  variables.  Population  input  data  by  employment 
category  and  place  of  residence  for  the  Proposed  Action  are  shown  in  Appendix  A-l 
for  Beaver  County,  Utah,  site  of  the  second  operating  base.  The  appendix  also 
contains  the  detailed,  unsummarized  model  output  for  Beaver  County  for  the 
Proposed  Action. 

NUMBER  OF  HOUSEHOLDS  (TABLE  2.2-1) 

The  total  numbers  of  M-X  related  in-migrant  households  that  would  be  present 
in  the  example  county  are  shown  in  the  table  for  each  year  from  1982  through  1994 
for  each  population  category.  Population  categories  are  defined  by  the  employment 
type  of  the  primary  wage  earner  in  a  household.  In  households  with  more  than  one 
worker,  the  general  rule  is  that  the  household  is  classified  by  the  employment 
category  of  the  worker  holding  an  M-X  direct  job.  For  example,  a  household  which 
contains  two  employed  persons,  one  as  an  M-X  construction  worker  and  the  other  in 
an  indirect  job,  would  be  classified  in  the  construction  worker  population  category. 

The  table  also  shows  the  percentage  increase  in  the  number  of  households  over 
the  baseline  as  a  result  of  in-migration  of  M-X-related  households.  These  data 
indicate  the  change  generated  by  M-X-related  households  present  in  the  example 
county  in  a  given  year  relative  to  the  number  of  baseline  households  which  would  be 
present  that  year  without  the  M-X  project.  The  data  do  not  identify  the  relative 
change  from  the  present  time  or  from  a  single  base  year. 

The  number  of  baseline  households  shown  in  the  example  table,  for  instance 
3,363  in  1987,  are  computed  as  the  quotient  of  baseline  population  (10,023)  and 
estimated  average  household  size  in  the  county,  conservatively  assumed  to  be 
constant  throughout  the  projection  period  at  the  average  household  size  estimated  in 
1977  (2.98).  Average  household  size  in  1977  is  estimated  separately  for  each  county 
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Table  2.2-1.  Cumulative  M-X-related  households  expected  to  reside 
local  communities,  by  alternative,  in  Beaver,  assumin 


Table  2.2-3.  Net  annual  M-X-related  housing  unit 
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in  the  two  potential  deployment  regions  by  adjusting  the  1970  household  size  to 
change  at  the  same  rate  since  1970  as  that  estimated  by  the  Bureau  of  the  Census  at 
the  state  level.  These  data  are  shown  in  Appendix  Table  A-2. 


Computational  Equations 


.  =  E  H. 

'  i=l  1 

Total  number  of  Households  present  in  year  t 

Population  in  the  ith  population  category  resident  in 
communities  in  year  t 

Average  household  size  for  the  ith  population  category 

Number  of  households  in  the  ith  population  category  and 

Year  or  time  period 

Number  of  population  categories  =  7 

In  the  example  summary  table,  four  population  categories  are  distiniguished 
and  the  equation  become: 


(2) 

«S  - 

_t  t  t  _t 

p  p  ,  p  p, 

c  +  m  +  o  +  d 

A  A  A  A, 

c  m  o  d 

where 

Pc 

=  Population  in  construction  worker  category  resident  in 
communities  in  year  t 

A 

c 

=  Average  household  size  for  construction  worker  families  = 
3.5 

-  E 
a 

=  Population  in  military  personnel  category  resident  in 
communities  in  year  t 

Am 

=  Average  household  size  for  military  families  =  3.3 

=  Population  in  civilian  operations  category  resident  in 
communities  in  year  t 

Ao 

=  Averge  household  size  for  civlian  operations  households  = 
2.8 

p5 

=  Population  in  indirect  employment  category  resident  in 
communities  in  year  t 

(1) 
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=  Z 
i=l 
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H. 
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n 


and 


Average  household  size  for  indirect  worker  households  = 

2.8 


CUMULATIVE  housing  unit  requirements  (TABLE  2.2-2) 

The  cumulative  numbers  of  housing  units  required  by  M-X-related  in-migrant 
households  are  shown  in  the  table  year-by-year  from  1982  through  1994  for  each  of 
the  types  of  residential  structures.  Housing  types  include  two  categories  of 
permanent  housing,  single-unit  and  multi-unit  structures  and  mobile  homes.  The 
data,  which  are  for  housing  required  in  communities,  are  shown  for  each  alternative 
which  affects  a  county  and  excludes  family  and  group  housing  provided  on  the 
operating  base  by  the  Air  Force  and  group  housing  in  temporary  camps  to 
accommodate  construction  workers  neasr  DDA  facility  sites  in  remote  areas. 


Computational  Equations 

(3) 

UT 

=  u*  +  u*  +  u  r 

T 

s  r  m 

where 

=  Total  housing  units  required  in  communities  in  year  t 

U's 

=  Number  of  single-family  units  required  in  year  t 

=  Number  of  units  in  multi-unit  structures  required  in  year  t 

and 

< 

=  Number  of  mobile  homes  required  in  year  t 

The  general  equation  for  the  number  of  units  of  a  given  type  is: 


(4) 

< 

=  1.05  E  S1. 

i=l  1  31 

where 

=  Number  of  units  of  type  a  required  in  year  t 

=  Number  of  households  in  the  i*^1  population  category  in  year  t 

S  * 
ai 

=  Proportion  of  demand  by  households  in  category  i  met  by 

structure  type  a  in  year  t 

1.05 

=  Constant  vacancy  factor 

n 

=  Number  of  population  categories 

For  single-family  units: 

(5) 

u‘s 

=  1.05  H*  5  *  +  Hx  S  *  +  H* S  *  +  Hj S  j 

c  sc  I  si  o  so  d  sd 

where 

«4 

=  Number  of  single  family  units  required  in  year  t 

h* 

=  Number  of  construction  worker  households  present  in  local 

communities  in  year  t 

Proportion  of  demand  by  construction  worker  households 
met  by  single-family  structures  in  year  t 
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sc 
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sf 
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Number  of  military  households  present  in  communities  in 
year  t 

Proportion  of  demand  by  military  households  met  by  single¬ 
family  structures  in  year  t 

Number  of  civilian  operations  worker  households  present  in 
year  t 

Proportion  of  demand  by  civilian  operations  households  met 
by  single-family  structures  in  year  t 

Number  of  indirect  worker  households  present  in  year  t 

Proportion  of  demand  by  indirect  households  met  by  single 
unit  structures  in  year  t 


Similarly,  for  required  housing  units  in  multi-unit  structures: 


(6)  IT=  1.05 


H*  S  t  +  H^sl+HtS  t  +  H^lSj 
c  rc  f  rf  o  ro  d  rd 


and  for  mobile  homes: 


(7)  U^=1.05 


H*  S  l  +  H\  S  \  +  H*  S  *  +  H*  S  * 
c  me  f  ml  o  mo  d  md 


NET  ANNUAL  HOUSING  UNITS  REQUIRED  (TABLE  2.2-3) 


This  table  indicates  the  number  of  additional  dwelling  units  that  must  be 
provided  or  the  number  of  surplus  units  that  must  be  removed  in  a  particular  year. 
For  permanent  housing,  single-family  and  multi-unit  residences,  a  positive  sign 
indicates  the  number  of  additional  dwellings  that  would  have  to  be  constructed  by 
the  private  homebuidling  industry  during  that  year,  while  a  negative  sign  indicates  a 
surplus  of  units  in  a  particular  year.  A  positive  sign  for  mobile  homes  denotes  the 
number  of  additional  mobile  homes  that  would  have  to  be  delivered  and  for  which 
sites  would  have  to  be  prepared  in  a  particular  year,  while  a  negative  sign  represents 
the  number  of  surplus  mobile  homes  that  could  be  removed  during  the  year.  For 
each  structure  type  the  data  are  obtained  by  computing  the  difference  between  the 
cumulative  number  of  units  requried  in  the  year  and  the  cumulative  number  required 
in  the  previous  year.  For  example,  the  number  of  additional  single-family  units 
required  in  1987,  342  houses,  is  obtained  by  subtracting  316  from  658.  The  data  in 
the  table  should  be  interpreted  as  conditional  forecasts  of  changes  in  housing  supply. 


CUMULATIVE  NUMBER  OF  HOUSING  UNITS  REQUIRED  BY  M-X  AND  OTHER 
CONCURRENT  PROJECTS  (TABLE  2^4) 


The  number  of  housing  units  required  by  the  trend-growth  baseline  population, 
the  number  required  by  the  baseline  population  assuming  other  large-scale  projects 
in  the  county,  and  the  percent  increase  over  the  requirements  of  the  trend-growth 
population  are  shown  in  the  section  of  the  table  labeled  baseline  requirements.  The 
needs  for  additional  housing  units  induced  by  large-scale  projects  other  than  M-X 
can  be  computed  by  subtracting  the  trend-growth  from  the  high  growth  baseline 
requirements. 
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For  the  Proposed  Action  and  each  alternative  affecting  the  county, 
M-X-related  total  requirements  for  housing  units  are  shown  for  both  the  trend- 
growth  and  high-growth  baselines.  Housing  needs  induced  by  the  M-X  project  are 
slightly  lower  for  the  high-growth  baseline  due  to  lower  M-X-related  labor  force 
and  population  in-migration.  The  present  change  above  the  trend-growth  baseline  is 
presented  for  both  net  additional  M-X-related  housing  requirements  and  for  housing 
needs  operated  by  M-X  and  other  concurrent  large-scale  projects. 


3.0  COMMUNITY  LAND  USE  AND  INFRASTRUCTURE  MODEL  GROUP 


3.1  MODEL  STRUCTURE  AND  DESCRIPTION 

This  sub-model  provides  quantitative  projections  of  the  quantity  of  land  that 
must  be  converted  to  various  urban  uses  such  as  housing,  retail  trade,  commercial- 
office,  industrial,  streets  and  highways,  and  public-institutional,  in  order  to  accom¬ 
modate  the  M-X  related  growth  in  population.  The  model  in  essence  forecasts 
short-term  demand  for  land  by  the  various  urban  use  activities  rather  than  changes 
in  the  supply  of  land  in  the  use  categories.  Changes  in  the  actual  supply  or  quantity 
of  land  devoted  to  the  urban  uses  would  be  a  function  of  the  economic  value  of  land 
in  the  uses,  actual  market  prices  of  land,  the  expected  duration  of  the  demand,  and 
the  physical  characteristics  or  constraints  of  the  available  supply  of  developable 
land,  as  well  as  numerous  policy  considerations.  Local,  state,  and  even  federal 
policies,  including  zoning  and  decisions  about  capital  investments  in  infrastructure 
such  as  water  and  sewer  facilities,  are  likely  to  exert  a  major  influence  on  the 
location  and  timing  as  well  as  the  quantity  of  land  converted  to  the  various  urban 
uses.  Requirements  for  infrastructure  related  to  land  development,  such  as  streets 
and  highways  and  utilities,  are  projected  as  a  function  of  land  use  changes.  Various 
intermediate  outputs,  including  volume  of  retail  sales  and  capital  costs  of 
infrastructure,  are  available  for  analysis  or  as  inputs  to  other  sub-models.  The 
computational  methods  and  assumptions,  which  are  different  for  each  category  of 
land  use,  are  described  in  the  following  sections. 

3.1.1  Residential  Land  Use 

Requirements  for  additional  land  for  residential  use  are  projected  for  three 
density  categories  corresponding  to  the  three  housing  types— single-family  and 
multi-unit  permanent  housing  and  mobile  homes.  The  total  requirement  for 
residential  land  in  a  given  year  is  computed  as  the  sum  of  the  products  of  the 
number  of  housing  units  and  corresponding  density  factors  for  the  three  housing 
types.  These  density  factors  are  assumed  to  be  three  units  per  acre  for  single¬ 
family  permanent  housing,  ten  units  per  acre  for  multi-unit  permanent  housing,  and 
five  units  per  acre  for  mobile  homes  (Murphy/Williams,  1978).  Total  residential 
construction  costs,  excluding  land,  for  permanent  single-family  and  multi-unit 
housing  are  computed  as  a  function  of  the  numbers  of  each  type  of  unit  required, 
average  size  for  each  type  of  unit  (assumed  to  be  1,200  and  900  sq  ft,  respectively, 
for  single-family  and  multi-unit  housing),  and  the  construction  costs  per  sq  ft  for 
each  structure  type.  These  are  estimated  as  $30  and  $25,  respectively,  based  on 
conversations  with  local  developers. 

3.1.2  Retail  Land  Use 

Retail  use  includes  land  devoted  to  retail  sales  of  food,  apparel  and  appliances, 
general  merchandise,  drug  stores,  furniture,  hardware,  eating  and  drinking  establish¬ 
ments,  auto  dealers,  gas  stations,  and  miscellaneous  retail  goods.  Retail  trade  land 
requirements  generated  by  the  M-X  project  are  a  function  of  the  volume  of  local 
retail  expenditures  by  M-X-related  population  and  the  quantity  of  building  space 
necessary  to  accommodate  that  sales  volume.  All  categories  of  M-X-related 
population  would  generate  retail  expenditures  locally.  The  model  incorporates 
distinctions  among  population  categories  in  both  the  quantity  of  retail  expenditures, 
which  is  a  function  of  income,  and  the  proportion  of  retail  purchases  that  are  local 
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(in  communities  of  the  county  or  other  region  being  examined)  rather  than  outside 
the  region  where  impacts  are  being  projected.  It  is  assumed  that  a  much  higher 
share  (75  percent)  of  retail  purchases  would  be  local  for  population  groups  residing 
in  communities,  whereas  the  share  would  be  lower  (25  percent)  for  those  living  in 
construction  camps.  These  latter  workers  would  be  either  single  or  present  without 
their  families  so  that  a  major  share  of  their  retail  expenditures  is  likely  to  occur 
near  the  location  of  their  families  rather  than  near  M-X  construction  sites. 
Similarily,  military  personnel  are  assumed  to  purchase  a  large  share  of  their  retail 
goods  onbase,  because  of  the  favorable  price  and  tax  treatment,  rather  than  in  the 
local  community.  The  proportion  of  retail  purchases  made  in  local  communities 
varies  for  military  personnel,  depending  on  whether  they  live  on  or  off  base,  with  a 
somewhat  higher  local  share  for  those  who  live  in  the  community  rather  than 
onbase.  The  proportion  of  retail  expenditures  that  are  estimated  to  be  in  local 
communities  is  presented  in  Table  3. 1.2-1. 

The  computational  steps  used  in  projecting  land  requirements  for  retail  trade 
may  be  summarized  as  follows: 

1.  Aggregate  disposable  personal  income  is  computed  for  each  employment- 
related  population  category.  This  variable  is  an  output  of  the  economic 
model. 

2.  The  total  volume  of  expenditures  for  retail  goods  is  computed  by 
multiplying  disposable  income  by  the  proportion  of  income  spent  on 
retail  goods,  which  is  assumed  to  be  31  percent  (obtained  frcm  consumer 
price  index  weights  used  by  the  U.S.  Department  of  Commerce)  for  all 
employment  categories. 

3.  That  portion  of  retail  expenditures  which  is  local  is  computed  for  each 
population  category  and  summed  to  obtain  total  local  retail  sales. 

k.  The  dollar  volume  of  retail  sales  is  converted  into  building  space  needed 
to  provide  such  a  sales  volume.  The  parameter  applied  is  one  of  average 
sales  volume  per  sq  ft  of  gross  leasable  area.  The  value  of  this 
parameter  is  estimated  to  be  $87  per  sq  ft  (1978  dollars),  based  on  data 
for  neighborhood  and  community  size  shopping  centers  in  the  western 
United  States  (Urban  Land  Institute,  1978a). 

5.  Land  requirements  are  determined  as  a  function  of  the  building  space 
needed,  with  a  factor  of  four  applied.  The  space  not  covered  by 
buildings  is  to  accommodate  parking,  landscaping,  and  ancillary 
activities  (Urban  Land  Institute  1978b). 

6.  The  procedure  is  repeated  for  each  geographical  location  of  employment 
(base,  construction  camps,  and  communities)  and  is  subsequently  summed 
to  obtain  total  retail  trade  land  requirements. 

7.  Construction  costs  for  retail  building  are  assumed  to  be  $30  per  sq  ft 
(1978  dollars),  based  on  conversations  with  local  builders. 
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3.1.3  Office  and  Commercial  Land  Uses 

Office  and  commercial  land  use  is  a  broad  category  which  encompasses 
personal  and  business  services,  transient  housing  (hotels  and  motels),  wholesale 
trade,  amusement  and  recreation  services,  repair  services,  and  other  miscellaneous 
services.  The  procedure  used  to  project  land  required  for  these  uses  is  identical  to 
that  used  for  retail  trade  except  for  the  following  modifications  in  assumptions:  (1) 
the  percent  of  disposable  income  spent  on  services,  which  by  definition  are  obtained 
in  commercial  and  office  buildings,  is  20  percent  (estimated  from  consumer  price 
index  weights  used  by  the  U.S.  Department  of  Commerce,  1979);  (2)  each  square 
foot  of  gross  building  area  would  generate  $60  of  service  transactions  (in  1978 
dollars);  (3)  ancillary  land  requirements  are  2.5  times  the  area  devoted  to  buildings; 
(Murphy/Williams,  1978);  and  (4)  average  construction  costs  are  $35  per  square  foot 
(estimated  based  on  conversations  with  local  builders  in  1978  dollars). 

3.1.4  Industrial  Land  Use 

Industrial  land  use  requirements  are  calculated  in  a  series  of  five  steps:  (1) 
the  number  of  industrial  employees  is  estimated  to  be  20  percent  of  total 
community  employment,  (2)  each  industrial  employee  is  assumed  to  require  550  sq  ft 
of  building  space,  (3)  each  industrial  employee  consumes  260  sq  ft  of  parking  space, 
(4)  each  employee  requires  0.2  times  the  building  and  parking  space  devoted  to 
ancillary  uses,  and  (5)  land  consumption  calculated  in  Steps  2,  3,  and  4,  above  are 
summed  to  obtained  total  land  area  needed  (Murphy/Williams,  1978).  Construction 
costs  for  industrial  buildings  are  estimated  to  average  $25  per  sq  ft  (in  1978  dollars), 
based  on  conversations  with  builders  in  the  area. 

3. 1 J  Streets  and  Highways 

This  sub-model  projects  the  length  of  streets  required  for  three  categories  of 
streets  and  the  quantity  of  land  required  to  accommodate  community  streets  and 
highways.  In  the  model,  street  requirements  are  a  function  of  residential  and  non- 
residential  land  development,  with  varying  requirements  for  each  type  of  housing. 
The  computational  steps  (Murphy/Williams,  1978)  are  as  follows: 

1.  Lengths  of  three  types  of  streets,  arterials,  collectors,  and  minor  streets 
are  computed  for  three  types  of  housing  units— single-family,  multi-unit 
housing,  and  mobile  homes— by  multiplying  the  number  of  each  type  of 
unit  by  the  required  linear  feet  per  unit  for  each  street  type.  These 
factors  are  shown  in  Table  3. 1.5-1. 

2.  Total  residentially-related  requirements  for  each  street  category  are  the 
sum  of  the  requirements  for  single-family,  multi-unit,  and  mobile  home 
housing  types. 

3.  Non-residential  street  requirements  are  a  function  of  residential  streets, 
with  a  factor  of  1.76  for  arterials  and  1. 1  for  collectors  and  minor  local 
streets. 

4.  Totai  street  length  required  for  each  of  the  three  street  types  is  the  sum 
of  the  residential  and  non-residential  requirements. 
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Table  3. 1.5-1.  Estimated  linear  feet  of 

streets  per  housing  unit  for 
three  street  categories,  by 
type  of  housing  unit. 


TYPE  OF  HOUSING 

UNIT 

STREET  TYPE 

ARTERIAL 

COLLECTOR 

MINOR 

Single-Family 

6.0 

7.00 

47.0 

Multi -Unit 

5.0 

13.50 

10.0 

Mobile  Homes 

5.5 

17.25 

22.0 

1202-1 


Source:  Murphy/Williams,  Socioeconomic  Impact  Assess¬ 

ment:  A  Methodology  Applied  to  Synthetic 
Fuels  (U.S .  Department  of  Energy,  1978). 


5.  Land  area  required  to  accommodate  streets  and  highways  is  computed  by 
multiplying  street  length  required  for  each  street  type  by  the  right-of- 
way  width  (100  ,  60,  and  50  feet,  respectively)  and  by  dividing  this 
product  by  appropriate  conversion  factors  to  convert  the  area  to  acres 
and  hectares. 

6.  Street  construction  costs  are  computed  by  multiplying  each  street  length 
by  estimated  construction  cost  per  foot,  $55,  $40,  and  $35  (1978  dollars), 
respectively,  for  each  street  type.  Construction  costs  are  based  upon 
conversations  with  contractors  in  the  area. 

3.1.6  Public  and  Institutional  Land  Uses 

Land  requirements  for  three  types  of  public  facilities  other  than  streets  are 
projected,  including  schools,  parks,  and  solid  waste  disposal  sites.  School  land 
needed  is  projected  by  multiplying  the  number  of  pupils  by  a  land  requirement  per 
pupil,  assumed  to  be  .04  acres  per  pupil  (Utah  State  Office  of  Education,  1980). 
Land  requirements  are  computed  separately  for  three  grade  levels- -K-u,  7-9,  10- 
12--and  summed  to  obtain  total  requirements.  Land  requirements  are  projected  for 
three  types  of  local  parks— playgrounds,  neighborhood  parks,  and  community  parks— 
by  multiplying  the  population  residing  in  local  communities  times  per  capita  factors 
for  each  park  type.  These  parameters,  which  are  the  National  Park  and  Recreation 
Association's  standards  for  urban  communities,  are  0.001  acres  per  person  for 
playgrounds,  0 .00 1 3  acres  per  person  for  neighborhood  parks,  and  0.004  acres  per 
person  for  community  parks  and  open  space.  It  is  likely  these  standards 
overestimate  needs  for  developed  community  parkland  in  the  study  areas  because  of 
their  rural  character  and  the  abundance  of  open  countryside  and  dispersed  recrea¬ 
tion  opportunities.  For  solid  waste  disposal  if  is  assumed  that  each  person  residing 
in  local  communities  generates  a  need  for  0.000015  acres  per  year  for  landfill, 
assuming  that  wastes  are  accumulated  to  a  depth  of  iO  feet  (Architects/Pianners 
Alliance,  Inc.,  1979). 

3.1.7  Public  and  Private  Utilities 

This  sub-model  projects  the  costs  of  utility  infrastructure  associated  with 
residential  and  non-residential  development  as  well  as  system-wide  and  total  utility 
costs.  The  costs  of  providing  sanitary  sewers,  water  distribution,  and  electricity  to 
new  residential  development  is  a  function  of  the  number  of  housing  units,  with 
separate  factors  for  each  type  of  dwelling— single-family,  multi-unit,  and  mobile 
home— as  shown  in  Table  3. 1.7-1.  Total  residential-related  utility  development  costs 
for  each  utility  are  computed  by  multiplying  the  appropriate  cost  factor  per  unit 
times  the  number  of  housing  units  of  each  type  and  summing  across  housing  types. 

Non-residential  utility  costs  are  assumed  to  be  a  constant  proportion  of 
residential  utility  costs,  with  factors  of  0.40  for  sanitary  sewage  and  0.20  for  water 
and  electricity.  System-wide  development  costs,  such  as  for  trunk  sewers, 
wastewater  treatment  facilities,  and  water  storage  facilities,  are  computed  as  a 
constant  proportion  of  the  sum  of  residential  and  non-residential  utility  costs.  The 
proportions  are  0.40  for  sanitary  sewage  and  water,  and  0.30  for  electricity 
(Murphy/Williams,  1978).  Utility  development  costs  are  an  intermediate  output 
which  provide  input  data  for  the  public  finance  and  economic  models. 


Table  3. 1.7-1.  Estimated  utility  costs 
per  housing  unit  for 
three  types  of  housing. 


HOUSING 

UNIT  TYPE 

UTILITY 

COSTS  PER  UNIT 

SANITARY 

SEWERAGE 

WATER 

GAS  & 

ELECTRIC 

Single  Family 

$1,000 

$650 

$800 

Multiple  Family 

400 

260 

320 

Mobile  Homes 

600 

390 

384 

1203  -1 

Source:  HDR  Sciences,  based  on  conversations  with 
local  contractors. 
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3.1.8  Indirect  Capital  Costs 


The  purpose  of  this  sub-routine  is  to  compute  total  indirect  capital  costs  by 
summing  construction  costs  for  public  and  private  facilities  estimated  by  other  sub¬ 
models,  including  housing,  retail  and  office  buildings,  industrial  buildings,  public  and 
institutional  buildings,  streets  and  highways,  and  utilities.  All  of  these  capital  costs 
form  a  feedback  ioop  to  the  RIMS  and  econometric  models  where  the  "multiplier" 
effects  of  these  expenditures  are  used  to  compute  additional  earnings  and  indirect 
employment.  That  portion  of  indirect  capital  costs  which  is  borne  by  local 
government  becomes  an  input  to  the  fiscal  impact  analysis  in  the  local  government 
sector  sub-model.  For  a  more  detailed  description  of  assumptions  and  computa¬ 
tional  methods  for  public  capital  costs,  the  reader  should  refer  to  the  separate 
technical  report  on  the  public  finance  models. 

3.2  EXAMPLE  LAND  USE  MODEL  OUTPUTS  AND  COMPUTATION  PROCEDURES 

Illustrative  community  land  use  outputs  are  presented  in  Tables  3.2-1  and 
3.2-2  which  indicate  cumulative  and  net  annual  change  in  requirements,  in  acres,  for 
five  categories  of  urban  land.  These  categories  are:  (1)  permanent  homes,  including 
single-family  and  multi-unit  residential  land  uses;  (2)  mobile  home  residential  land 
use;  (3)  retail,  commercial,  and  industrial  land  uses;  (4)  streets  and  highways;  and  (5) 
public  and  institutional  land  uses.  Unsummarized  model  output,  shown  in  Appendix 
A-l  for  the  Proposed  Action  in  Beaver  County,  Utah,  provides  considerably  more 
detail  in  terms  of  land  use  categories. 

The  cumulative  data  in  Table  3.2-1  represent  the  total  M-X-related  require¬ 
ments  for  additional  land  in  the  various  urban  uses  that  exist  in  each  year  from  1982 
through  1994,  while  the  annual  data  show  the  quantities  of  land  that  would  need  to 
be  converted  to  or  from  the  use  category  during  a  particular  year.  Positive  signs 
(for  the  data  in  Table  3.2-2)  represent  requirements  for  land  to  be  converted  to  a 
particular  use  and  negative  signs  mean  that  a  surplus  of  land  in  a  use  exists  which 
could  potentially  be  converted  back  to  nonurban  use.  Requirements  for  additional 
land  in  the  peak  year  by  the  various  urban  use  activities  greatly  exceed  the  long¬ 
term  or  permanent  requirements.  It  is  likely  that  a  major  share  of  the  short-lived 
requirements  during  the  peak  construction  period  would  be  met  by  temporary 
facilities  such  as  mobile  homes  and  unpaved  streets,  with  the  land  used  for  these 
short-term  facilities  reverting  back  to  nonurban  use  after  the  contruction-related 
population  migrates  out  of  an  area  upon  completion  of  construction  activities. 
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Table  3  2-1.  Cumulative  M-X-related  land  requirements  (acres) 
hv  nsfi  cateeorv .  by  alternative  in  Beaver, 


Table  3.2-2.  Net  annual  M-X-related  land  requirements  (acres) 
by  use  category,  by  alternative  in  Beaver, 
assuming  high  baseline  (page  1  of  2). 
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Table  3.2-2.  Net  annual  M-X-related  land  requirements  (acres) 
by  use  category,  by  alternative  in  Beaver, 
assuming  high  baseline  (page  2  of  2). 
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For  total  land  uses: 


Computation  Equations 


(8) 

L* 

c 

= 

Ht  +  M*  +  CX  +  SX  +  GX 

where 

*■; 

= 

Total  community  land  requirements  (in  acres)  in  year  t 

H* 

= 

Acres  of  permanent  residential  land  required  in  year  t 

MX 

= 

Acres  of  land  for  mobile  homes  required  in  year  t 

Ct 

= 

Acres  of  land  for  commercial  uses  required  in  year  t 

S* 

= 

Acres  of  land  for  streets  and  highways  required  in  year  t 

and 

G* 

= 

Acres  of  land  for  public  and  institutional  uses  required  in 
year  t 

For  residential  land  uses 

(9) 

HX 

_ 

D  +  U*  D 

s  s  r  r 

where 

\JX 

s 

= 

Number  of  single-family  dwellings  required  in  year  t 

D 

s 

= 

Density  factor  for  single-family  housing  =  3  units  per  acre 

U* 

r 

= 

Number  of  units  required  in  multi-unit  structures  in  year  t 

and 

Dr 

r 

Density  factor  for  multi-unit  housing  =  10  units  per  acre 

(10) 

M* 

U  X  D 

m  m 

where 

Um 

m 

= 

Number  of  mobile  homes  required  in  year  t 

and 

D 

m 

= 

Density  factor  for  mobile  homes  =  5  units  per  acre 

For  commercial/business  land  uses: 


(11)  CX 
where  Rt 
Ot 

and  I* 
02)  Rt 


RX  +  0*  +  I* 


Acres  of  land  required  for  retail  sales  uses  in  year  t 
Acres  of  land  required  for  office-commercial  uses  in  year  t 
Acres  of  land  required  for  industrial  uses  in  year  t 


zL  .31  yfc  e 
ij  ij  ij 


(5) 


Vr  (43,560) 
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•  n 


where 

i 

= 

Employment  cateogires  from  1  to  n  =  7 

j 

= 

Places  of  residence  from  1  to  n  =  3 

Y* 

‘J 

= 

Aggregate  gross  .personal  income  of  the  ith  employment 
category  in  the  ;  residential  location  in  year  t 

.31 

= 

Proportion  of  income  spent  on  retail  goods,  constant  for  all 
i  and  j 

Eij 

= 

Proportion  of  retail  expenditures  which  are  local  for  the 
l  employment  cateoery  in  j  n  residential  location  (values 
shown  in  Table  3.1.2- 1) 

Vr 

= 

Retail  sales  volume  in  dollars  per  square  foot  of  gross 
leasable  building  area,  constant  =  $87/sq  ft 

5 

— 

Multipie  of  building  area  to  obtain  total  square  feet 
required  for  building  and  ancillary  activities  such  as 
parking 

and  4 3,560 

= 

conversion  factor  for  acres 

ot  = 

'  I 

ij 

.2  Yfc  .  F.  . 

ID  ID 

(3.5) 

(13) 

Vq  (43,560) 

where 

Fij 

= 

Proportion  of  commercial  services  expenditures  which  are 
local  for  the  itn  employment  category  in  the  j  n  residential 
location  (values  shown  in  Table  3.1.2- 1) 

.2 

= 

Proportion  of  income  spent  on  commercial  services, 
constant  for  all  i  and  j 

3.5 

Constant  which  is  multiple  of  building  area  used  to  obtain 
total  land  required  for  building  and  ancillary  activities  such 
as  parking 

and 

Vo 

= 

Commercial  sales  volume  per  square  foot  of  building  area  = 
$60/sq  ft 

(14) 

I1 

= 

.2  El  1.2  (B  +  P) 

43,560 

where 

= 

Total  employment  in  communities  in  year  t 

.2 

= 

Proportion  of  employment  which  is  in  industrial  categories 

B 

= 

Constant  which  equals  building  area  per  employee 

p 

1.2 

For  sheets  and  highways: 


Constant  which  equals  parking  area  per  employee 
Factor  for  ancillary  exterior  area  such  as  landscapping 


(15) 


1.76 


I  uh  (V  (100) 

h=l  43,560 


ul  (C.  )  (60) 

+  i.i  ^  — ii - 

h=l  43,560 


+  1.1 


S  uh  (V  (50) 

h=l  43,560 


where 

K 

= 

Number  of  required  units  of  housing  type  h,  n  =  3 

\ 

= 

Number  of  linear  feet  of  arterial  streets  requried  per  unit 
of  housing  type  h  (shown  in  Table  3.1.5,- 1) 

100 

= 

Width  of  arterial  right-of-way  in  feet 

1.76 

= 

Factor  to  allow  for  nonresidential  requirements  for  arterial 
streets 

43,560 

Conversion  factor,  sq  ft  to  acres 

Ch 

= 

Number  of  linear  feet  of  collector  streets  required  per  unit 
of  housing  type  h  (shown  in  Table  3.1.5- 1) 

1.1 

= 

Factor  to  allow  for  nonresidential  requirements  for 
collector  streets  and  minor  streets 

60 

= 

Width  of  collector  street  right-of-way  in  feet 

Mh 

= 

Number  of  linear  feet  of  minor  streets  required  per  unit  of 
housing  type  h  (shown  in  Table  3.1.5- 1) 

50 

Width  of  minor  street  right-of-way  in  feet 

For  public  and  institutional  land  uses: 

(16) 

G* 

.04  (Et)  +  .0063  (Pj)  +  .000015  (P*) 

where 

E* 

M-X-related  school  enrollments  in  year  t 

.04 

= 

Number  of  acres  required  per  pupil  for  school  sites 

P* 

c 

= 

M-X-related  in-migrant  population  resident  in  communi¬ 
ties  in  year  t 

.0063 

= 

Number  of  acres  required  per  person  for  community  park 
land 

.000015 

= 

Number  of  acres  required  per  person  per  year  for  sanitary 
landfill  sites 

♦.0  COMMUNITY  FACILITIES  AND  SERVICES  MODEL  GROUP 


♦.1  MODEL  STRUCTURE  AND  DESCRIPTION 

This  model  group  projects  baseline  and  M-X-related  facility  and  personnel 
requirements  for  five  different  types  of  community  services:  public  schools,  parks 
and  recreation,  public  safety,  health  care,  and  solid  waste  disposal.  These 
requirements  are  primarily  determined  as  a  function  of  population  size  and  place  of 
residence,  with  seven  different  categories  of  M-X-related  population  and  three 
different  types  of  residential  locations  differentiated  in  the  models.  The  population 
in  each  employment-residential  location  category  is  multiplied  by  per  capita  factors 
which  express  normative  standards  for  delivery  of  the  various  services.  The 
requirements  calculated  by  this  method  should  be  interpreted  as  referring  only  to 
the  "demand"  or  need  for  service  inputs,  not  as  forecasts  of  how  the  supply  of  these 
service  inputs  would  actually  respond  to  M-X-generated  demand  for  the  services. 
The  models,  therefore,  do  not  forecast  changes  in  the  supply  of  the  services  nor 
changes  in  the  quality  and  attributes  of  service  outputs  (or  outcomes).  Changes  in 
the  supply  of  services  are  primarily  a  function  of  local  policy  and  budgetary 
considerations  and,  in  many  instances,  the  location  decisions  of  individual  service 
providers  such  as  physicians.  These  types  of  factors  are  not  subject  to  prediction 
with  any  degree  of  confidence  and  are  beyond  the  scope  of  the  models  discussed  in 
the  following  sections. 

As  a  practical  matter,  it  is  anticipated  that  the  supply  of  services  would 
increase  to  accommodate  the  long-term  demand  levels  and  shortfalls  are  likely  to 
occur  during  the  construction  period  when  the  maximum  level  of  population  in- 
migration  is  reached.  This  is  likely  to  be  especially  the  case  for  health  services  and 
parks  and  recreation  facilties.  Other  services  such  as  education  and  public  safety 
would  be  more  amenable  to  temporary  expansion  in  short-term  facilities  (mobile 
classrooms  and  offices)  staffed  by  short-term  employees.  Only  when  long-term 
population  growth  is  projected,  as  in  communities  near  operating  bases,  is 
construction  of  new  permanent  facilities  anticipated. 

4.1.1  Education  Services 

The  education  services  sub-model  provides  baseline  and  M-X-related  forecasts 
of  the  number  of  pupils  in  three  grade  categories,  teacher  requirements  in  the  three 
grade  categories,  the  number  of  new  classrooms  and  school  facilities  for  each  grade 
category,  and  school  construction  costs,  excluding  land. 

The  number  of  school  pupils  (kindergarten  through  senior  high  school)  is 
estimated  for  a)  community- located  population,  and  b)  base-located  population. 
This  is  accomplished  in  two  steps.  First,  using  the  number  of  households  per 
employment  category,  the  average  number  of  dependents  under  20  years  of  age  is 
derived  for  each  household  category.  The  number  of  dependents  under  age  20  per 
household  varies  by  employment  category  as  follows:  1.50  for  construction  workers, 
zero  for  assembly  and  checkout  personnel,  1.30  for  military  operations  family 
households,  and  0.8  for  both  civilian  ope  ation  and  indirect  worker  households. 
Second,  only  75  percent  of  the  dependents  are  assumed  to  be  of  school  age-- i.e.,  age 
5-18  years.  The  subtotals  are  summed  to  obtain  the  total  number  of  pupils 
generated  both  on-  and  offbase.  The  total  number  of  pupils  is  further  subdivided 
into  grade  categories— 50  percent  in  kindergarten  through  the  sixth  grade,  25 
percent  in  grades  seven  through  nine,  and  25  percent  in  grades  ten  through  twelve. 


The  number  of  teachers  required  to  meet  the  increased  enrollment  is  calcu¬ 
lated  by  applying  the  following  pupil/teacher  ratios  to  the  three  respective  grade 
categories:  25  to  1,  23  to  1,  and  22  to  1.  The  number  of  new  schools  required  is 
estimated  utilizing  a  parameter  defined  as  the  average  number  of  pupils  per  school 
at  each  grade  category.  The  average  school  sizes  assumed  are  500  ,  800,  and  1,000, 
respectively  for  elementary,  junior  high,  and  high  schools.  School  construction  costs 
are  projected  as  a  function  of  enrollments,  space  requirements  per  pupil,  and  costs 
per  square  foot  of  construction.  Values  for  these  parameters  are  assumed  at  98 
square  feet  per  pupil  and  $45  per  square  foot  (1978  dollars). 

4.1.2  Public  Safety  Services 

This  sub-model  computes  projected  baseline  and  M-X-related  requirements  and 
facility  construction  costs  for  law  enforcement  and  fire  protection.  Demand  for  law 
enforcement  services,  and  therefore  personnel  requirements,  is  assumed  to  be 
generated  by  the  total  population,  whether  resident  in  local  communities,  the 
operating  base,  or  in  construction  camps.  The  requirements  are  further  assumed  to 
be  invariant  for  all  population  categories,  with  a  parameter  value  of  2.0  police 
officers  per  thousand  population.  Construction  costs  for  law  enforcement  facilities 
such  as  police  stations  and  detention  centers  are  also  assumed  to  be  a  function  of 
population,  with  an  estimated  cost  of  $48  per  person  in  1978  dollars 
(Murphy/Williams,  1978). 

The  additional  personnel  needs  associated  with  fire  safety  services  are 
estimated  in  a  manner  similar  to  those  for  law  enforcement  services  except  that 
only  the  population  resident  in  local  communities  is  used  to  forecast  needs.  It  is 
assumed  that  persons  and  property  on  the  base  will  be  provided  fire  protection 
services  by  the  Air  Force  while  the  population  in  temporary  construction  camps  is 
provided  fire  safety  services  by  contractors.  The  personnel  needs  ratio  is  assumed 
to  be  invariant  for  all  population  groups  at  1.65  fire  personnel  per  1,000  population 
residing  in  local  communities  (IMCA,  1979).  Capital  costs  for  facility  construction 
are  also  a  function  of  the  same  population  segment  and  are  estimated  at  $39  per 
capita  in  1978  dollars  (Murphy/Williams,  1978). 

4.1 .3  Community  Parks  and  Recreation  Services 

The  park  and  recreation  sub-model  projects  only  facility  or  land  requirements, 
rather  than  personnel.  Needs  for  three  types  of  recreation  facilities—playgrounds, 
neighborhood  parks,  and  community  parks— are  a  function  of  the  size  of  the 
population  residing  in  local  communities,  and  exclude  the  population  living  on  the 
base  or  in  construction  camps.  Recreation  services  and  facilities  are  assumed  to  be 
provided  onbase  by  the  Air  Force,  while  transient  construction  workers  are  unlikely 
to  demand  the  types  of  services  usually  obtained  at  community  parks.  The 
requirements  per  person  resident  in  communities  are  assumed  to  be  .00  1  acres  for 
playgrounds,  .0013  acres  for  neighborhood  parks,  and  .004  acres  for  community  parks 
and  open  space.  These  per  capita  requirements,  standards  developed  by  the  National 
Park  and  Recreation  Association  for  urban  communities,  are  likely  to  result  in  over¬ 
estimates  of  the  needs  for  additional  parks  in  small,  rural-oriented  communities 
such  as  those  found  in  the  study  areas  of  Nevada/Utah  and  Texas/New  Mexico.  The 
abundance  of  developed  rural  outdoor  recreation  sites  in  the  regions  being  examined 
and  apparent  preferences  by  many  residents  for  recreation  activities  at  dispersed 
sites  suggest  that  demand  for  community  recreation  facilities  will  be  less  than 
would  be  the  case  in  urban  communities. 


4b 


4.1.4  Solid  Waste  Disposal  Services 

This  sub-mode!  projects  quantity  of  solid  waste  generated,  in  terms  of  both 
weight  and  volume,  and  the  quantity  of  land  (sanitary  landfill)  required  for  solid 
waste  disposal.  As  in  the  case  of  fire  protection  and  park  services,  only  the 
population  projected  to  reside  in  communities  is  presumed  to  generate  demand  for 
this  local  service;  onbase  solid  waste  disposal  requirements  are  assumed  to  be 
provided  by  the  Air  Force  while  contractors  would  dispose  of  solid  waste  generated 
in  construction  camps.  The  per  capita  solid  waste  generation  rate  assumed  is  5.0 
pounds  per  day,  which  creates  a  requirement  of  0.00015  acres  per  person  per  year 
(Architects/Planners  Alliance,  Inc.,  1979). 

4.1.5  Health  Services 

Needs  for  health  services  personnel,  including  physicians,  nurses,  dentists, 
mental  health  workers,  and  other  support  personnel,  are  projected  as  a  function  of 
population  residing  in  local  communities.  Population  residing  onbase  or  in  construc¬ 
tion  camps  is  excluded  since  the  Air  Force  and  contractors  are  expected  to  provide 
the  major  share  of  health  services  for  those  population  groups.  The  model 
differentiates  varying  levels  of  needs  for  each  of  seven  population  groups.  The 
highest  level  is  associated  with  base  civilian  and  indirect  worker  populations,  while 
lower  levels  of  demand  for  local  health  services  are  associated  with  construction 
and  assembly  and  checkout  populations.  The  lower  level  of  demand  assumed  for 
these  groups  is  due  to  their  temporary  residency  in  the  affected  communities  as  well 
as  to  their  age  distribution  which  is  younger  than  the  general  population.  Military 
households  residing  in  local  communities  are  assumed  to  generate  no  demand  for 
private  health  services  since  such  services  would  be  available  on  the  base.  A  similar 
pattern  is  assumed  for  hospital  bed  requirements  for  the  various  population 
categories.  These  standards,  expressed  as  requirements  per  1,000  population  are 
shown  in  Table  4. 1.5-1  for  each  population  group  resident  in  local  communities. 

4.2  SAMPLE  COMMUNITY  SERVICES  AND  FACILITIES  MODEL  OUTPUTS  AND 

COMPUTATIONAL  PROCEDURES 

Illustrative  community  services  and  facilities  model  summary  outputs  are 
presented  in  Tables  4.2-1  through  4.2-6,  which  show  M-X-related  additional  school 
enrollments,  teacher  requirements,  health  facilities  and  personnel  requirements, 
requirements  for  additional  law  enforcement  and  fire  safety  personnel,  and  land 
requirements  for  parks  and  recreation.  Unsummarized  model  outputs  for  the 
Proposed  Action  in  Beaver  County,  Utah,  with  more  detail  by  employment  category 
and  place  of  residence,  are  shown  in  Appendix  Table  A- 1.  The  following  sections 
describe  each  summary  output  table  in  terms  of  how  it  should  be  interpreted  and  the 
equations  for  computing  values  for  the  variables. 

SCHOOL  ENROLLMENTS  (TABLE  4.2-1) 


The  school  age  population  projected  to  be  generated  by  the  project  that  would 
be  present  in  the  county  (or  region)  is  shown  by  grade  category  for  Beaver  County, 
Utah  each  year  from  1982  through  1994.  In  addition,  the  table  indicates  the 
projected  total  baseline  represented  by  the  M-X-related  enrollments.  The  data  are 
shown  separately  for  each  alternative  that  might  affect  a  particular  county.  School 
enrollments  are  computed  separately  for  the  base,  where  applicable,  and  the 


*  «r 
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Table  4. 1.5-1.  Health  services  personnel  and  hospital  bed 
requirements  per  1,000  persons,  by  popula¬ 
tion  category  for  the  population  resident, 
in  local  communities. 


POPULATION  CATEGORY 

HEALTH  PERSONNEL  REQUIREMENTS 
PER  1,000  POPULATION 

1 

HOSPITAL  BED 

PHYSICIANS 

DENTISTS 

NURSES 

MENTAL 

HEALTH 

OTHER 

REQUIREMENTS 
PER  CAPITA  , 

Base  Construction 

- - 

1.0 

0.3 

3.5 

0.21 

2.0 

2.0 

Base  Assembly  and  Check-out 

1.0 

0.15 

1.8 

0.  11 

1.0 

2.0 

Cluster  Construction 

1.0 

0.3 

3.5 

0.21 

2.0 

0.0 

Cluster  Assembly  and 

Check-out 

0.15 

1.8 

0.11 

1.0 

0.0 

Military  Operations 

0.0 

0.0 

0.0 

0.0 

0.0 

Civilian  Operations 

0.53 

4.5 

0.27 

2.5 

4.0 

Indirect 

0.53 

4.5 

0.27 

2.5 

4.0  j 

1204-1 


Source:  Estimated  by  HDR  Sciences. 
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jected  M-X-related  land  requirements  for  parks 


community,  with  total  county  enrollments  the  sum  of  the  two  places.  More  detailed 
data  are  shown  in  Appendix  Table  A-l,  including  enrollments  by  employment 
category  and  place  of  residence. 


Computational  Equations 


(17) 

where 

and 

(18) 
where 

and 

(19) 


E. 


kc 

t 


jc 
,  t 
'he 


+  .25 


ct  ct 
Ec+Eb 


Total  in-migrant  school-age  population  in  year  t 

In-migrant  school-age  populstion  resident  in  communities 
in  year  t 

In-migrant  school-age  population  resident  onbase  in  year  t 


c  t  c  t  _  t 

E.  +  E.  +  E. 
kc  jc  he 

Kindergarten  through  grade  6  enrollments  in  year  t 
Junior  high  school  enrollments  in  yesar  t 
High  school  enrollments  in  year  t 


n 

n 

Z  H  (A  -2)  (.75) 

i=l 

+  .25 

£  Hfc  (A.  -  2) (.75) 

[l-l  lc  1 

n 

z 

i=l 


(A. 

1C  1 


2)  (.75) 


where  i 


A. 

i 

2 

.75 


.5 

.25 


Employment/population  categories  and  n  =  7 

Number  of  households  in  population  category  i  resident  in 
communities  in  year  t 

Average  household  size  for  population  category  i 

Number  of  adults  over  age  20  per  household 

Proportion  of  population  under  age  20  between  the  ages  of 
5  and  18 

Proportion  of  school-age  population  in  grades  k-6 

Proportion  of  school-age  population  in  grades  7-9  and 

10-12. 


(20)  Efa  =  .5 


* 

- 

4  (a„  - 2)  <-75> 

hid  m 

+  .25 

4  <A  -  2) ( .75) 
rid  zn 

1  - 

- 

H  .  (A  -  2)  (.75) 
mb  m 


+  .25 


where 


Number  of  military  households  resident  onbase  in  year  t 

Average  family  household  size  for  military  households  =  3.3 
and  other  factors  are  as  in  equation  19 


TEACHER  REQUIREMENTS  (TABLE  4.2-2) 

The  table  indicates,  by  grade  category,  the  number  of  teachers  that  would  be 
necessary  to  accommodate  the  M-X-related  enrollments  present  in  the  county  if  the 
standards  for  pupil-teacher  ratios,  discussed  in  Section  4.1.1,  are  maintained.  The 
table  also  shows  the  number  of  teachers  required  for  the  baseline  pupils  and  the 
percent  change  over  the  baseline  represented  by  M-X-relaed  requirements.  The 
data  should  be  interpreted  as  estimates  of  needs  for  additional  teachers,  not  as 
forecasts  of  how  the  supply  of  teachers  would  respond  to  M-X  induced  demand. 


Computation  Equation 


(20 


kc 


+  4 


25 


Efc  +  Efc 

_J£ _ 2>=L 

23 


Eh  +  4 

he  hb 
22 


where 


kc 

t 


'kb 

25 

E* 

jc 

E  * 
jb 

23 

t 


he 

t 


'hb 

22 


=  Total  requirements  for  additional  teachers  in  year  t 

=  Number  of  pupils  in  grades  K-6  persent  in  communities  in 
year  t 

=  Number  of  pupils  in  grades  K-6  resident  onbase  in  year  t 

=  Pupil-teacher  ratio  for  grades  K-6 

=  Number  of  pupils  in  grades  7-9  present  in  communities  in 
year  t 

=  Number  of  pupils  in  grades  7-9  resident  onbase  in  year  t 

=  Pupil-teacher  ratio  for  grades  7-9 

=  Number  of  pupils  in  grades  10-12  present  in  communities  in 
year  t 

=  Number  of  pupils  in  grades  10-12  resident  onbase  in  year  t 

=  Pupil-teacher  ratio  for  grades  10-12 
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HEALTH  SERVICES  PERSONNEL  AND  HOSPITAL  BED  REQUIREMENTS  (TABLE 
4.2-3) 


The  table  presents  the  number  of  physicians,  registered  nurses,  dentists, 
mental  health  personnel,  and  hospital  beds  required  to  provide  health  services  to  the 
baseline  population  and  to  the  in-migrant  population  generated  by  the  M-X  project 
in  the  county.  The  data,  which  are  presented  separately  for  each  alternative,  should 
be  interpreted  as  demand  or  need  for  additional  personnel  and  facilities,  not  as 
predictions  of  how  supply  would  respond  to  needs.  Needs  for  additional  health 
services  during  the  peak  construction  period  greatly  exceed  the  long-term  or 
permanent  requirements  in  most  counties.  Unless  special  measures  are  undertaken 
to  recruit  specialized  health  services  personnel,  it  is  likely  that  supply  would  not 
exceed  the  long-term  requirements.  Shortfalls  during  the  peak  period  may  lead  to 
deterioration  in  the  quality  of  services,  time  delays  in  obtaining  services,  or  may 
necessitate  travel  outside  the  local  area  to  obtain  health  services. 


Computation  Equations 


For  Physicians 
(22)  D* 

where  D* 


and  S 


n 

1 

i  =  l 


P.1  S 
ic  id 


Number  of  physicians  needed  in  year  t 

In-migrant  population  in  category  i  resident  in  communities 
in  year  t 

Standard  for  physician-population  ratio  for  population 
category  i  (shown  in  Table  4.1.3 -1) 


For  Registered  Nurses: 


(23)  NC  =  I  P^S. 

i  =  l  1C  in 


where 


N‘ 


Number  of  nurses  needed  in  year  t 


S  =  Standard  for  nurse-population  ratio  for  population  category 

l!  i  (shown  in  Table  4. 1.5-1) 


For  Mental  Health: 


Number  of  mental  health  personnel  needed  in  year  t 


where 


M 


S. 


im 


For  Dentists: 


Standard  for  mental  health  personnel-population  ratio  for 
population  category  i  (Table  4. 1.5-1) 


(25)  O* 


n 

=  I 
i«l 


p's. 

1C  10 


where  O* 

S. 

10 

For  Hospital  Beds: 
(26)  B* 


Number  of  dentists  needed  in  year  t 

Standard  for  dentist-population  ratio  for  population 
category  i 


where  B*  =  Number  of  hospital  beds  needed  in  year  t 

S[b  =  Standard  for  hospital  bed-population  ratio  for  population 

category  i 

LAW  ENFORCEMENT  PERSONNEL  REQUIREMENTS  (TABLE  4.2-4) 

The  table  presents  estimates  of  the  additional  numbers  of  law  enforcement 
personnel  needed  to  provide  services  to  the  M-X-related  in-migrant  population, 
personnel  requirements  to  provide  services  to  the  baseline  pouplation,  and  the 
percent  change  over  the  baseline  represented  by  the  M-X  demand.  The  data,  which 
are  presented  separately  for  each  alternative  affecting  a  county,  should  be 
interpreted  as  demands  or  needs  for  additional  police  personnel  rather  than  as 
projections  of  how  supply  would  respond  to  needs. 


Computation  Equation 

(27)  L* 

=  Pt  ♦  pI  s  ♦  P*  S 

T 

c  e  be  d  e 

where  Lj 

=  Total  number  of  law  enforcement  personnel  needed  in  year  t 

Pl 

c 

=  M-X-related  in-migrant  population  present  in  communities 
in  year  t 

S 

e 

=  Standard  for  law  enforcement  personnel-population  ratio  = 

2  per  1,000 
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'  V 


p£  =  M-X-related  in-migrant  population  resident  onbase  in  year  t 

and  P^j  =  M-X-related  in-migrant  population  resident  in  construction 

,J  camps  in  year  t 

FIRE  PROTECTION  PERSONNEL  REQUIREMENTS  (TABLE  4.2-5) 

The  table  presents  baseline,  M-X-related,  and  total  requirements  for  fire 
safety  personnel  and  the  percent  change  over  the  baseline  represented  by  the 
M-X-generated  need  for  additional  firemen.  Unlike  law  enforcement  services,  only 
the  population  resident  in  communities  is  assumed  to  create  demands  for  additional 
fire  protection  personnel.  The  model  makes  no  distinction  between  full-time 
professional  personnel  and  volunteer  firemen. 

Computation  Equation 


(28) 

Fr 

p*  s 
*c3f 

c 

where 

Fc 

=  Total  number  of  firemen  needed  by  communities  in  year  t 

p* 

c 

=  Total  M-X-related  in-migrant  population  resident  in 
communities  in  year  t 

and 

sf 

=  Standard  for  firement-population  ratio  =  1.65  per  1,000 

PARKS  AND  RECREATION  FACILITY  REQUIREMENTS  (TABLE  4.2-6) 


Requirements,  or  needs,  for  additional  playgrounds,  neighborhood  parks,  and 
comunity-wide  parks  and  total  acres  of  park  land  needed  by  the  M-X-induced  in¬ 
migrant  population,  assuming  standards  developed  by  the  National  Recreation  and 
Park  Association  for  urban  communities,  are  shown  in  the  table  for  each  alternative 
affecting  a  county  or  region.  Requirements,  which  are  a  function  of  the  population 
resident  in  communities,  are  highest  during  the  M-X  construction  period  but  decline 
thereafter  to  permanent  levels  which  are  considerably  lower.  It  is  reasonable  to 
conclude  that  communities  would  plan  and  acquire  parkland  to  accommodate  the 
neds  of  the  long  term  rather  than  the  peak  population  in  order  to  avoid  a  large 
surplus  of  parkland  after  construction  is  over. 

Computation  Equation 


(29) 

< 

=  P*  (S  )  +  P*  (S)  ♦  (S) 

eg  c  n  c  r 

where 

Rpi 

=  Total  acres  of  parks  needed  in  communities  in  year  t 

*1 

=  Total  M-X-related  in-migrant  population  present  in 
communities  in  year  t 

Sg 

=  Standard  for  playground  acres-population  ratio  =  1.0  per 
1,000 
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Standard  for  neighborhood  park  acres-population  ratio  =  ,1.3 
per  1,000 

Standard  for  community-wide  park  acres-population  ratio  = 
4.0  per  1,000 
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APPENDIX 


The  unsummarized  model  outputs  presented  in  the  following  tables  represent 
the  potential  impacts  to  Beaver  County  under  Proposed  Action.  The  results  are 
listed  by  employee  type  by  year  during  both  the  short-term  construction  period  and 
the  long-term  operations  period. 
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baseline  population,  by  county. 
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